ABSTRACT -The effect of the treatment with acetyl-L-carnitine (ALC) on neurons releasing the vasoactive intestinal polypeptide (VIP) of the submucous plexus in the jejunum of diabetic rats was the purpose of our investigation. Diabetes (DM) was induced by injecting streptozotocin endovenously (35mg/kg). After sacrificing the animals, the jejunum was collected and processed for VIP detection. Four groups were used: C (nondiabetic), CC (non-diabetic treated with ALC), D (diabetic), DC (diabetes treated with ALC). We analyzed the immunoreactivity and the cellular profile of 126 cell bodies. The treatment with ALC improved some aspects of DM. However, it promoted a small increase in the area of neurons from group CC, suggesting a possible neurotrophic effect. Neurons from groups D and DC showed a large increase in their cellular profile and immunoreactivity when compared to C and CC, suggesting a larger concentration of this neurotransmitter within the neurons that produce it. This observation constitutes a recurrent finding in diabetic animals, suggesting that ALC doesnot interfere in the pathophysiological mechanisms that unchain a higher production and/or neurotransmitter accumulation and increase the profile of the VIP-ergic neurons.
Diabetes mellitus (DM) main chronic complications are, among others, vascular changes and peripheral neuropathies, which lead to gastrointestinal dysfunctions. Several hypotheses have been reported concerning the main causes for the origin of the diabetic neuropathy. Recent reports have described that the carnitine abnormal metabolism may be one of the reasons that triggers neural damage, associated to sorbitol accumulation, fructose and mioinositol depletion in the nervous cells 1, 2 . DM may have a differentiated effect under the different enteric neuroactive substances. Studies have shown different responses of the adrenergic, serotonergic and peptidergic nerves and of the enteric plexus in streptozotocin-diabetic rats 3, 4 . The vasoactive intestinal polypeptide (VIP) is a neurotransmitter located in neurons of the gastrointestinal tract and seems to have a pluripotent role in the regulation of the intestinal motility. It is an important nonadrenergic, noncholinergic neurotransmitter (NANC) of the peripheral nerves, provoking the relaxation of many types of vascular and non-vascular smooth muscles in many parts of the gastrointestinal tract. The anal projection of VIP-ergic neurons in the small and large intestine is compatible with the suggestion that it acts under the descending inhibition in the peristaltic reflex. VIP is found in a great number of neurons of the submucous plexus and it rarely occurs in neurons of the myenteric plexus 5 . In the submucous neurons, it acts controlling the secretion of water and electrolytes of the intestinal mucous membrane and such alterations implicate in disorders of the digestive system 6 , such as the syndrome of the diabetic diarrhea 7 . DM affects the level and secretion of the enteric VIP most likely due to abnormalities in the synthesis mechanism, liberation and/or degradation of VIP 8 . Another consequence of DM is the reduction of the free plasma carnitine and the increase of the ester carnitine, which can lead to the accumulation of long chain fatty acids, thus disturbing the stability and the function of membranes. Besides the previously mentioned functions, carnitine is also essential for the lipidic oxidation and synthesis, being involved in the liberation and stockpiling of metabolic energy 9, 10 . Rats with diabetes mellitus present a dysfunction of the enteric innervation and a carnitine deficiency. Therefore, we studied the effect of the supplementation with acetyl-L-carnitine (ALC) on the sub-population of VIP-ergic neurons of the submucous plexus of the jejunum of streptozotocin diabetic rats.
METHOD
Animal procedures -Male Wistar rats (Rattus norvegicus) weighing 300-400 g were employed. In order to induce the diabetes, the rats were kept fasting for 14 hours and then streptozotocin (35mg/Kg/body weight, Sigma, USA) dissolved in 10 mM buffer citrate, pH 4.5, was injected i.v. Non-diabetic rats were used as control groups. The streptozotocin injection resulted in a diabetic syndrome with rapid weight loss and polydipsia. The rats were divided into 4 groups: non diabetic (group C), non diabetic treated with ALC (group CC), diabetic (group D), and diabetic treated with ALC (group DC). The initial body weight of groups C, CC, D and DC was 362.0 ± 17.9 g, 328.4 ± 6.3 g, 361.6 ± 2.4 and 367.0 ± 8.1 g respectively. ALC was administered for 15 weeks from the onset of the diabetes by the addition of ALC (SPfarma -SãoPaulo-BR) in water (200 mg/kg, prepared daily). The animals were kept in individual cages in an environment with photoperiod (6:00 -18:00/light) and controlled temperature (24 ± 2ºC). The animals received water and Nuvital ® balanced lab chow ad libitum. The water intake was monitored biweekly, during the whole experiment. Fifteen weeks after the onset of DM, the rats were anesthetized intraperitoneally with tiopental (40mg/kg/body weight). The blood was collected by heart puncture to assess glycemia 11 and hemoglobin 12 .
Morphometric and immunohistochemical analysesAfter an abdominal incision, the jejunum segments were collected, washed in a phosphate buffer (PBS 0.01M, pH 7.4), and fixed with Zamboni's liquid for 18 hours at 4ºC 13 . The segments were processed in accordance with the immunohistochemical technique for whole-mount preparations 14 aiming at detecting VIPs presence in the submucous plexus. Soon afterwards, the segments were open along the mesenteric border, washed and dehydrated, cleared in xylol, re-hydrated and later on kept in PBS 0.01M, pH 7.4. The samples were then reduced with the help of a circular cutter and the mucosa and muscular layers were dissected under stereomicroscopy. The isolated submucous layer was incubated with anti-VIP polyclonal antibody 1:200 for 16 hours (Penninsula Labs, USA). The samples were washed in PBS and then incubated with secondary antibody conjugated with fluorescein (FITC) (Penninsula Labs, USA) 1:100, for 1 h, at room temperature, under agitation. In the control samples, the primary antibody was substituted by goat serum. The whole-mount preparations were mounted with glycerol. The immunofluorescence was analyzed in trinocular biological optical microscope, 40 X lens, equipped with filters for immunofluorescence (FITC) and an IPPWIN-DCAM image taking kit. The images were taken by a high-resolution camera, transmitted to microcomputer and recorded in compact disc.
Through the Image-Pro-Plus 3.0.1 software of image analysis, we measured the area (µm 2 ) of 126 cellular bodies of immunoreactive VIP-ergic neurons (VIP-IR) in each studied group. We used the mean value and the standard deviation of the measures of the 126 cell bodies of VIP-IR neurons from the control (C) to classify the neurons in small, medium and large. We considered as small those neurons whose values were similar or inferior to the difference between the mean value and the standard deviation. Large neurons were those whose mean values were similar or higher than the sum between the mean and the standard deviation. We called medium neurons those whose mean values were between these values.
Statistical analysis -The data related to body weight, water intake, glycemia and blood glucose were assessed through variance analysis and Tukey test to compare the mean. As the VIP-IR neurons did not present a normal distribution in their cellular body area, we employed the variance analysis and test "t" of Student to compare the means. The analyses were performed with the Software Prism 2.01. The chi-square test was applied (χ 2 ) to analyze the significance of data regarding the frequency of small, medium and large neurons in the different treatments. The significance level in all the tests was of 5%.
RESULTS
Establishing the diabetes and biochemical parameters -Streptozotocin promoted the DM characterized by polydipsia and hyperglycemia (Table 1) and by the smallest weight gain in relation to the nondiabetic rats. The groups C and CC presented, on average, a final body weight of 472 ± 23.9g and 452.6 ± 13.1g respectively, while the rats from groups D and DC presented, on average, a final body weight of 316.6 ± 3.5g and 336.6 ± 14.1g respectively. Therefore, according to these data, the results presented by the groups D and DC revealed significant statistical differences when compared to the non-diabetic groups respectively (C and CC) (p <0.05).
We observed that the ALC-supplementation reduced the glycemia for group DC. However, there was no significant difference (p>0.05) between this group (DC) and group D. The animals from groups D and DC presented high levels of blood glucose in relation to groups C and CC. The ALC-supplementation did not alter the blood glucose levels in the diabetic animals from group DC in relation to group D (p>0.05).
Morphologic analysis -We observed VIP-IR cell bodies in the submucous plexus of the jejunum in the 4 analyzed groups. Group D presented intense immunoreactivity in the nervous fibers and cellular bodies. However, the group CC and group DC presented the highest immunoreactivity (Fig 1) .
The VIP-IR cell bodies area averages varied from 306.2 µm 2 (group C) to 535.5 µm 2 (group DC) ( Table  2 ). The area of cell bodies from groups D and DC increased significantly in relation to groups C and CC. The ALC-supplementation promoted an increase in the area of the VIP-IR cell bodies from group CC in relation to group C (p <0.05). The area of neurons from group DC was larger than those from group D. However, this difference was not significant. 
Fig 1. Immunofluorescence micrographs showing imunoreactive VIP-ergic neurons of the jejunum submucous plexus of animals from: A) non-diabetic group, B) non-diabetic group supplemented with acetyl-L-carnitine, C) diabetic group, D) diabetic group treated with acetyl-L-carnitine. Calibration bar: 20µm.
The neurons were divided in 3 groups according to their sizes: small neurons (with values below 171.8 µm 2 ), large (with values above 440.6 µm 2 ), and medium (with intermediate values).
Through the test of the χ 2 , we found significant differences among the small, medium and large neurons when we compared the 4 investigated groups. The same was observed when we compared the groups two by two (C x CC; C x D; C x DC; CC x D; CC x DC; D x DC). Figure 2 shows the relative frequency of VIP-ergic neurons, according to the classification into small, medium and large. We observed that in the groups C and CC there is a predominance of medium size neurons while in the groups D and DC, the prevalence is of large neurons.
DISCUSSION
An increase (p<0.05) of the glycemia and blood glucose was observed in group D, confirming that these animals had the diabetic syndrome, similar to what was observed by Zanoni et al. 15 . The ALC supplementation did not act immediately in the metabolic control of DM, as evidenced by the similar levels of blood glucose between groups D and DC. On the other hand, although not statistically significant, the glycemia level after fasting was 20% lower on average in group DC when compared to group D. This fact, plus the observation that rats from group DC had a smaller weight loss, may indicate that the supplementation helped improve the carnitine levels, which are vital for the lipidic oxidation and synthesis 9, 10 . These results are consistent to the fact that the diabetes leads to a reduction in the levels of mitocondrial ALC, promoting accumulation of fatty acids hindering, therefore, the function of the cell body membranes and of the neurons nervous fibers 10 . The depletion of ALC, which happens in DM, is one of the factors that contribute to the development of the diabetic neuropathy 2 .
We observed an increase in the immunoreactivity to VIP in the submucous plexus of the jejunum in the rats from group D, similar to what was observed by Belai & Burnstock 4 who evidenced intensely stained VIP-ergic neurons in the submucous plexus of rats, six and eight weeks after streptozotocin-diabetes. Fourteen weeks after inducing the diabetes with aloxana, the levels of substance P and metionineencephaline were reduced while the levels of the VIP neurotransmitter increased drastically 16 . We can infer that the increase of the immunoreactivity is directly related to the increase of non-liberated VIP levels in the submucous neurons. Changes in the submucous VIP-ergic neurons result in disgestive tract disorders, such as the diarrheic diabetes, since the increase of VIP release results in an increased water and eletrolites secretion, softening the fecces. Similar results were obtained by Belai et al. 17 , who noticed an increase in the immunoreactivity of VIP-ergic neurons. We do believe that the increase in the synthesis of VIP by the mienteric neuron in diabetic rats may have a triggering factor in diminishing the intestinal tonus. This would contribute to the diarrheic diabetes appearance, since a smaller intestinal traffic would enhance the susceptibility to intestinal infections.
The ALC supplementation did not stop the occurrence of a large increase in the immunoreactivity of VIP-ergic neurons of the submucous plexus of the jejunum of diabetic rats. This shows that this substance is less effective than ponalrestat, which in the studies of Belai et al. 17 stopped the sorbitol formation by inhibiting the enzyme aldose redutase and also stopped the increase of VIP immunore- Table 2 .
Mean and standard deviation of VIP-IR cell body areas in animals from non-diabetic (C), non-diabetic treated with acetyl-L-carnitine (CC), diabetic (D) and diabetic treated with acetyl-L carnitine (DC).n = 5 rats.

Group
Mean ± SD C 306.2 ± 17. activity and galanina. However, ALC is beneficial for the integrity of the nerve because it preserves the mioinositol content without interfering in the activity of the polyol pathway, since its sorbitol contents is not altered in hyperglycemic rats after treatment with ALC. Another positive aspect is that the lipidic peroxidation, which is intensified in the diabetes, is prevented with ALC 1, 18 . However, as we have already mentioned, it does not reduce the immunoreacivity to VIP in the submucous plexus neurons.
We observed that the area of the cell bodies of VIP-ergic neurons in group CC showed a small but significant increase when compared to group C, along with an increase in the immunoreacivity, which could be related to a possible neurotrophic effect of the carnitine. The expressive increase of the area verified in groups D and DC could be related not only to the increment of the synthesis machinery but also to its accumulation and expression difficulties. We observed an increase in the immunoreactivity to VIP associated to an increase of the area, thus indicating that the accumulation of this substance within the neurons was similar to what was previously observed in VIP-ergic neurons of the terminal ileum of diabetic rats 15 . See et al. 19 analyzed the submucous VIP neurons of the jejunum of rats after chemical denervation and verified that the area of these neurons increases once the myenteric and extrinsic pulse is removed from the jejunum. However, there is no change in the percentage of submucous neurons expressing VIP. The increase in the cellular size that follows denervation suggests that the extrinsic neural pulse has an inhibitory influence on the submucous nerves since, although the myenteric and the submucous plexus are spatially apart, they form an integrated unit 20 . Thus, the reduction of the inhibitory pulse by the neurons of the myenteric plexus, which are reduced in the chronic DM [21] [22] [23] [24] [25] for neurons in the submucous plexus, could result in an increase in the VIP production, increasing the area of the cell bodies of the submucous VIP-ergic neurons.
When analyzing the frequency of neurons according to their size, we verified that the groups (C and CC) presented a higher number of medium neurons while the diabetic groups (D and DC) showed a higher number of large neurons. That demonstrates that there is a significant increase in the areas of the cell bodies of the VIP-ergic neurons, making many neurons change category, i. e., making small neurons change into medium and medium neurons into large ones. The predominance of large neurons was verified by Zanoni et al. 21 in the cecum of rats with two and eight months of DM. We also observed that ALC does not have any effect on this category change by the neurons, since the results between groups D and DC were similar.
We conclude that ALC promotes the improvement of some aspects of the diabetes such as a smaller body weight loss and improvement in glycemia levels after fasting; however, regarding the cellular aspects, the ALC-supplementation promoted a small increase in the cellular profile area in the neurons of group CC. This may be an indicative of a possible neurotrophic effect. However, when we compared groups D and DC we verified that the VIP-ergic neurons of the submucous plexus of the jejunum of both groups go through a large increase in their cell profile and immunoreacivity when compared to the controls, suggesting a higher concentration of this neurotransmitter inside the neurons that produce it. As this finding is a constant in diabetic animals, there is a probability that the ALC was not capable to interfere with the pathophysiological mechanisms that trigger the higher production and/or accumulation of this neurotransmitter and increase the profile of VIPergic neurons.
